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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a 
semiconductor laser element of high output 
and satisfactory reliability by preventing 
diffusion of impurity to an undoped optical 
guide layer, in the semiconductor laser 
element containing a quantum well as an 
active layer. 

SOLUTION: In a semiconductor laser 
element containing a quantum well as an 
active layer 5, an undoped thin spacer layer 
7 is provided between an undoped optical 
guide layer 6 and a p-type clad layer 8. It is 
desirable that the thickness of the spacer 
layer 7 be 5 nm or larger and less than 10 
nm. Since the spacer layer 7 absorbs 
impurities diffused from the p-type clad 
layer 8, impurity diffusion to the optical 
guide layer 6 is prevented. 
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[1tt*f§*tf>&B] 

im*m 1 ] 1 M<r>7 7 ••/ K/gKi^ftfcft^HFvS 

bc. 7yi«-7«^- tm&mrcK&zb&msi 
n m*g}-e* zztzmit -rzmim 1 waito^s 

[IS*iI3] mtipm^y y KJIIi. UTS 
Jg#. 8x 1 0 17 ~5x 1 0 18 cm-3co^ffl-C*SC:i: 

[f«:£Jff4] WExi-lMKi. pS03»tt*^r<- 
5X1 0 16 cm-3UJLh5X 1 0" cm-* IXT-Cb&Zb 

[fS#Jl5] WRX^— *«»fcW»gBpaa 
75y KJii:*L,<.vWUip£?5 >r FilJ: 9fe/<VF 
-y 7>'*£ < T=5rS i fc £ *tt8fc "T SiiM 2 TbS 

wmjjmz&^x. 

mV%2<r)T> h*-T3fc<M KJBfc pI 5 -y H 
U MOCVD^MfttU, Jfcll*Sg#6 5 0'CJjl 

±8 0 o-ctrrc* o , v&^^fjt&g** i i itmm 

<r><mm.b<»)kjr 5 0 ULL2 0 OKXTXhh z b zim 
[000 1] 

■mizmt. fttz&mft&ttL. t^mm&comn 

[0002] 



l&M<7)t$m CD-R/RW^>DVD-R/R 

e-Htrti****. i oomwii^s^u-ifco 
[0003] ^mw^-^^^itb^<r>mwmm 

T'£>9, ^ix£fBg£ttLTMf£g^#Fi:-tl>8i 

[0004] «£fc?)*SftS£fi^#Ffc L*:¥3£f*u- 
WFOfll3BBfiliia*H7t=grr. n^K701± 
fc. SiH-/nIA.y7r|7 0 2, S i K-7nI 

?5-yKJi7 03. ryv-yyttfj KJI7 04. r> 

H-rfl^#F^1ti!7 0 5 „ TVY-Tftii* KJI 7 
06. ZnK-TpM^yKJf 7 0 7, ZnH-7 P 
l^f 7 7-S 7 0 8**^j£$il*:f£. U -y y'Xh?^ 7" 
ttCZn K-rpIJf-t -y:/*/f 7 08tZn H-Tpi 
7 7 y b'Jf 7 0 7 #flnX$*U 'J «y i/XhyJ TCO\Sm 
£Si H-rayo y^^7 0 9-Cii^a ! *^. $4 
fc, Zn h'-7 P S3y^^M7 1 O^M?^ 

mfc\s-*?m?i!)mtici$ii&. 71 ni^sirt 

[0005] ZZX\ 4^#F*SttB7 0 50±Tffiiiffl 
^^$ixS3t^ KJ17 0 4 i: 7 0 6l±. i^#F?g 
tt«7 0 5^<7)Aiif^mt:iiy>S:II^L. IopI? 
7 7h'17 0 7MnI^7 7K17 0 3^ <i>*^#F 
VSU«7 0 5^^!|«£fl5[$-|5Sjh-rS^y>^B£$n 

[0006] HR(C^I/^iStt«<^NeflcW-lf»TO 

[0007] ZtUzttLT. A^#F5ratt®i:-rS^ 
[0008] 

[^BHA I ^L«t3t-f-SiSS] L^U^t. %Bjm 
^»{ia^#F^«ttili:-ri.¥S*l^— »ft 
S^#F^^O^*E!R5ffi:fi!t$r|iejt-rSf5S'J03t^^ KJg 

S^fc$r5|fZL^. *K5xiO»cm-'UU:«?J||j| 
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m 7 y YMfrklttH m^tiffi-tZ 2:BHB88K^± 

mm. 77 y ym<o Y-v>7-®&mf wm&mz 

[0009] zmm<r>u mi . m.^^a&tm t -r h 
^m^—fm^-izauxTy^-y^t/f^ vj*\&f 

zztizhz. 

[00 103 

*>* *%pn (it^JSi ) <wtm&u-v'm=?Tit. m 
<r>?7v mizmztiKm? #fsi^ t . fifie? 7 v 
m<7y>%< t i>-nb . m?#w%&mb<vmz$m 
ztifzitiM Ymb^mx.^.^m^—^m^za\^ 

£x^— ^Jf-CIRIRL. KJt^cO*i&M£ffc£|J& 

[ 0 0 1 1 ] 43t, *^bj {mnm2 ) oymvaxs—y 

m=FX\i. 3fr$M KlfcpI?7-yFl««tS 
X^-lf/f £ 5 n mfcJLL 1 0 n m*iHcoJf JfT'^JS;^ 6 

ttMtf Wa*tt**#fl:U 4fc 1 0 n mULhtcU< 
b * * U T ifflgflTFlCk SVFMMjMST lt „ 
U—^^oaS^tt^flST LT L 4 3 . ft-> X . x^ 
— frJIfc 5nmHL 1 0 nm*)1!<0/!ffr^f£-f S -1 fc 

[ 0 0 1 2 3 4fc, (gft£g3 ) <9¥*?tfc^— <f 

s^tii, x*<— j rm±Sizwfcr% v7 7-y vm<o*v 

'JTilg£8x 1 0"~5X1 C'cm-^WEIttS 

^ J f«ig^^H4ofST^iJ)#« J E^S< * 4 fc ^ a IfflH 
#±tTL4?. 

[ 0 0 1 3 3 2* . { ff*]14 ) If 

X^— tf-JHipSO^mttSr^TU A^-vmbfttH 
Y®b eMWVW^V xi0 16 cm-3ah 
5 X 1 0'7 c m-stJITfc-r-l. i t *mib?h i><7>X'$> 



0. X^— WnltWii'Jt-b^^yjy 
fc$r-?TL4w 4*. X^— *mbltt}4 YMb^ 
mX<T>* * y TWA* 5 X 1 0 1 s c m- 3 ifclTJifiHV) 

t, S^fcr. Xf-f h'ii^tfO^^fifeiJcA^x 1 0"cm 

[00 143 4/c. #3fcHJ! (ft*JS5 ) <9¥#flsW— 9* . 
X^— tilcOTOipS^^ y KJgfc^U^xtipM 

? 7 y vmx *) i>;<y k^-v 7r*ycsi>; b znmb 
■rz*mfti'~?m : T-zmm-r?> i><^x$> <o . m®m^ 

[ 0 0 1 5.3 4fc. (H*«6 . 7 ) C0¥3?fl£l^ 

— !fS^O|5!it^t'«±, fmfcfkmzX nlSfit 
WiiXnSF-ryN''y7r«. nSI«-7?7 7l«l, T 
> F-TJfctf-f Hit. T>-H-TM^#F$gttii, 7V 
H-T3bfiT-f HJB, pIH-7?7 7H1> pIH-7 

izti^X s TV H -TlttH YM b p S H— r ? 7 y H 
mnffllZTy h'-rcOX^.— -tJg5r 5 n mJil± 1 0 n m 

H-rkt-4-kTpM^«tt51«k^M H«^Pp 

[0016] 4fc. #fSBJ§ (»*JS8 ) «5im»*P— r 
*^Sit^rST'»±. MOCVD (metal organic chem 
ical vapor deposition: #flS^ISS\fflritK ) 8fe$rffl 
V\ *CDf£.&3&b LT, ^ift«6<6 5 0'CtLt8 0 

Jt* J 5 0 BLh 2 0 0 WTT$> -5. i i: ^WSk b ~T h t <0T 

[00173 wt. *sH8offffliears ♦ 

[00 183 HRt^^V—lf^^ttJitC^e^ 

mm- h b wm*\zi& ^ y T<rmt&%*&b%h 

{mTmP*lzt>%%{zfflfil.L. *<ffiBM=HtfrtMBi 

-v-tzb^o&Mtfhh. ftizprncoY-t-yfttmb 
Lxm^t>tih z nim*v>&%imttfM< . m&mtf 
pmb%-oX0 : e-hiS j r>?i/3yt l z%'>xL£? . 
[ooi93 &*#wz?mmb-i-&¥mtei/-vm? 

Xii. M. : ¥#J s cr)mmizBliiLi-&T>Y-Tcr)1ttH Y 

tX^tltf. m\<r>&%:. ytti4 Ym^i> 5 x 1 0'7 c 
m- 3 0±<?>*tmV? 7 y Ym^tm-tz 
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tmm.mf$.w±Mi. im^i&r-rtztiph^ 
mtiimftcmi/fj Ymmzmmttzm-sx-ttifji 

&< K-r^'>f HS^t Z n*>*teSt-ra t If ttsS 
fcfcffl < i t tz . C <7>«$rfS^K*? IX . ft 

tit KJSfc ? 7 <y KBc^fatc^V^^— 
? 7 x F® rt^ffiifcLT < S^^S-X^— fJf T'l&iK 
U 3fe**-f K«^co^T*iE!mteffitS: R&ot-T ■?> ^ fc J: ^ 

x. &&%imb&^m®&£ii-tz>*m#u-^m? 
m^htitz. 

[oo2o] jit, Ymfrt>it*}-i Yrn^vvm 

mgRvwm&izfm^ztzib. v-vyywk&^m 
mzmh&m?mmmtkMmgift<D&mt$:ftd z t 

[00 2 1] 

imi<r>mm<mmi <mmm i >ia i immm i <m- 

?X*M Ym.tmtfltm&X\ MOCVDSTnlG 
aAsSfil (^■V l J7«S2X10 18 cm-3)±Cn 
SGaAsA 7 7Tl2 ( 1 . 5 X 1 0 18 c m-3 , Jp£ 
500nm^) . nlA 1 0-S G a 0 . 5 AsT? 7*;H 
«3 'JTi§l,K8x 1 0 17 cm- 3 , J¥3 1 00 0 n 
mRj£) , TyK-TAl 0 . 35 Ga 0 . 65 Asft#'f YM 
4 (fA30nm) , 7VK-TA 1 GaAsZltf 
WFM5 (.^XyPJf8nm, /OJTS5nm) , T'/Y 
-TA l 0 . 35 Ga 0 . 65 As3t^ K«6 (H*3 0n 
m) , Tyb'-rAl 0 . 5 Ga 0 . 6 As^-ti7 (ff 
A6nm) . P lAI 0 . 5 Ga ) . 5 AsiIi;77Hl 
8 (*A-'JTi§J£2x 1 0 18 cm- 3 . H$3 00nml6 
^),I 7 fy^h7ri9 > PlAl,. 5 Ga,, 5 A 
s±S2^7 7KI10 (^^'Jrjtg3x 1 0"cm 
■K H$1200nm^) , pfGaAsll 1 (3 
X 1 0 18 cm-\ JJ3800 nmi&t) SrJgffc-tS. 
[00 22 3 -?-<7)f&. PfGaAsll lkplA 1 
o.5Ga 0 . 6 As±I2?77b'110S:2-2. 5>um 
il<7)X I- 5 rttco U -y ^cjux-r § . ^CMOCV 

DatioT. plGaAsIllt P iAl 0 , 5 Ga 
o. 6 AsJJ2?77Kll Qfrt>%h V -y ^llffi$r 
nlA 1 0- 7 Ga 0 , 3 AslS/D7 ?J1 1 2 (JfA-'JT 
i®JE2x 1 0"cm-3, H$70 0nm) SVniGa 
Aslg{7'D7?il3 (=*^UTjftK3X10 18 cm 
" 3 . J?3 5 00nm) T«tf>aA,rtf1&. MOCVDgT' 
pIGaAs^y^^MH (5X10 18 cm-M 
?1000nm|S$) Sr^Bfc-fS. 



[0023] %mz. ±ffitc{ipm®15. TffifcUin 
^ffi 1 6 iftig&j|#6 0 0 miZ%& XolZ 

> ^-W,zm\ LX . ^'-^WW^TttBlt^MtcRftfJS?: 
^»:3-f^/(R=10%-9 5%) U 3<b 

iz+ -y r t^sij lt mmnmnzi-i, . m^mtSLcDmrn 
&m±. uim%mtLXTMG (m.xfvMfy* 

-M . TMA ( r-U^fvUT/t-S-^A) % V^^li 
LTAs H 3 (T)V*/V) . nl, pl5)#H-A>h 
SmtLTSiH, (>-^>-) , DEZ (S^x^-rt^y 
?) Jfcfl&KJ;i7 5 0-C. jfcflE;>j«i7 6To 

rr, V/III= 1 2 OTfifoJt. 

[0 024] trt>. )kM.<F>t&>, Tttf-f Fltp?77 

mimmm<r>*mteis— rm? ( a > ttsjrcosm 

^30mA. 8 5 m WfOi!jf^m»g*>' 13 0m AT'fc 
6 0*C 8 5mWOCW<7)fiffltt|^^fcV^t 2 

oooB#laI^Lht^lg[oT^^C7t^ftTv^s. r 

>- 7<7}fflj££ p ? 7 y KS8. 1 0 
fi?ra<0^14 (51=9' . (9 II =2 2* ) tf'&ty 

titz. 

[oo2 5] ztiiztttx. x^-vmom^mkmf- 

( b ) TltmiSLX-nmmm&tfA 3mAt, 1 0 m AJJI 

i^immmco^m^u-^m^ < a ) «t ^igaot, 6 

Or. 8 5 mWcOfiiffittM^lCfc^TJilgt^T^^ 

[oo26]H2«. mi mma^mwv-^fm=F 
( a ) t^-^m^m^mmm^ ( b ) izm!&m& 

i>cr>X'fo&. =5rfc. K-fy/ro7r>f/HiSlMS 

(secondary ion mass spectroscopy: 2<JM ^VfiM 
7r«fS) CctoTSlJ^L^IS^-C^S. 02 «k 0. 
( a ) . ( b ) \ ^-rtwmf-lztiK ^fcp?77 K 

( b > vi}m?nwm'^com.mi%^i>cr><7>it#j y® 
mimmmo^m^— rm? (a> -cii, x^- 

3X1 0'7 C m-3JilTtC#Hi^-CV^^t3{)^>5„ 
[00271I3J1 pry-yYmtfttfJ YmtrtR 

mx'<r>* + u riietcStrs^«ogaffl«d5fc 8 5 mw 

J: 1 ). p^JvYmt JUU YMt MX'<0* -vLJT 
fflS^5 x 1 0'7 c m-3JiLhT'lljatcraffl«SEJ& J ii^ 
U . ^5X10'5cm-3 WTT'l!l^«E* { ^a^ti7c 

[0028] -T^ri7^. JJStOMmA^^'f KSAjp 

jseti ( z n ) a*&srr <& i 1 1 ± o , *mfr\s— rm? 
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#4 HecO^BBT-5X10i6cm-3tJLh. 5xiO"c 

n&mi££*)'J,-%\iUtf&<. 5x 1 0 l «cm- 3 JSLt5 
X 1 Oi 7 cm-3J^T<7)^H*^VV Ltitf^X. %iJA 
FJf 6fcp?5>y Ym^oymzTVY-'ToM^X^- 

[00293 kZ*>X\ x^-vmi nmrniiStiM H 
m®wx'Uh&i)K mamffmaL. tsfWEcotian^ 

[0030] 04^. p«7 FJgcD**>JT®g*< 
(a) 5X 1 0"cm-s, ( b ) 2 X 1 0 18 c m' 8 „ 
(c) 5 X 1 0" c m-'«#^»:i5ltS7y H-rx 
rm'WTM'fa ( Z n ) cofeUrn 7r-f;^ 
9"Jf{i2 0 nmMLTl^. ±!2<D 

Tli5xl 0 1 'cm-3OTttMg* i i>St«), 04 
#*UT»atf>W^ (c) 5X1 0 ,8 cm-3<?)i§ 

&x*i>x*<.— *rm<ommt txas nmnmx&^z t 

9?-y F/§<0^UTiIS#8x 1 0'7 C m-3iaJitC^ 

[0031]«ot. p?77HI8, lOcO^KT 
)SSSr8X 1 0"~5X 1 0 18 cm- 3 (OKHt L, 
—9"® 7 com^t: 5 n mkLt 1 0 n m&ffib "T6 <I i: 

<t#£ft&. i9i?2L<{iP?5 y KJ18. 10O* 
•v 'JTi&g£-8x 1 0 17 cm- 8 IiLh3X 1 0 18 cm- 8 JJl 
~R9&BfcU XI— ^miC^MW- £5 nmjyji8 nm 

x FJB8. 1 0<7>af*'JTi6S#l . 5xio 18 c 
m- 8 s X^.—-^m 7 <T>mWif 6nmX'hr>tz. # 

mtfomxte. Mocvnmzj;$>mg.Mt,z^x&'<x: 

tiiK nm*-?—COm&®m&tf*Itfc0:MBE (molecu 
lar beam epitaxy: 4r^Xfcr?*v^/Pjfcft) &*?M 
OMBE (metal organic MBEi^&g^mixt;?^ 
i'-WH&fth G S M B E (gas source MBE: /fXV—X 

[0 0 32 3 <3EtoW2>l2l5«SdWl2S>A 1 G a I 
nPl^*!/- IfOBfBBia'C**. MOCVD^tn 



!GaAsl«501 (^'J7ig2X10'8c 
m-3) ±tCnSGaAs^N'y7rJi5 0 2 ( 1. 0X1 
0 18 cm-3 s jf $5 o 0 nmlS^) , nlln u (A 
lo.7Ga 0 . 3 ) o.5PT?77K1503 (^f^'JTig 
S8X 10"cra-3, SMOOOnmig) , r^H 
-7In 0l6 (A l 0 . 5 Ga,, 5 ) o.jP^ Hfl5 0 4 
(f^35nm) , T^F-TI nA 1 GaP^ftft^F- 
#F«50 5 ( I n 0 .,Ga t . 6 P'7xA'JB7 nmt I n 
0.5 (A l,. t Ga,, 6 ) 0 .5P*^' , J718nm«O4j|I 
XmfSL) . 7VK-7I n 0 . 5 (A l,. 5 Ga,, 5 ) 0 . 5 P 

K15 0 6 (fA3 5nm) „ TVr-'-n n 
o.b ( A 1 o.7 G a 0 . 3 ) (.sP^-flSO? (JSA8 
nm) . plln 0 , 5 (Al,, 7 Ga,.,) 0 .s p -t5Sl? 
7'/b'i508 (^^';rj8^5xi 0 !7 cm-3, Jp$ 
300nm|g^) , x 7 f y/Xh77f5 09, pi 
I n 0 . 5 ( A 1 ( . 7 Ga 0i 3 ) 0 . 5 PJJB2 9 5 ■/ HJf 5 1 

0 (df-Pl»rmS2x 1 0 18 cm-3 s f?1000nm 
1&£) . pfGaAs§5 11 (4X10 l8 cm-M 
$50 0nm|&£) 

[0 0 3 3] *cofJL pSGaAsJ!5 lltpSln 
0.5 ( Alo. 7 Ga 0 . 3 ) 0 . 5 PJJ[2?77KI5 10$: 

4 — 5 ju m«§cOX h 5 -i 71k<7) U »/ y team-*- & . $ £> 
KMOCVDftfci^T. plGaAs!511tpI 

1 n 0 . 5 (Alo. 7 Ga 0 .3) o. 5 P-t3S2 9 7 y VM 5 1 
0 U -y ^'cOfliTfiS: nSGaAslS7o -y 

5 12 (df-rUrii«2xl Oi 8 cm-3, JI£ 1 2 0 0 
nm) TlfAbii/Ui'flL MOCVDSfpIGaAs z] 
>-99bm513 (4X10 l8 cm- 3 . ISlOOOn 

[00343 ^cniklM^tpWS 1 4 . TffilC(± n 
m®5 15Srm^. im&fktfSQQtirnlZ+t&Zo 

tzrt-mzitmLx. ^-(ommco^tmimmizKSim 

?:#J«t:3-f^/(R=10%-9 5%) L. $ 

uz^-yTizftmLxmmomTiz-tz,. x^iscts 

»t«*«*fNi, BK«ta^{±6 5 or. J&KE7JH7 6 
Torr. V/III=2 0 0T*tW UimLmt LXT 
MG ( r-'J^f'/MPJ^.M % TMA (N'J^^r/U 
5-^A) ,TMIn (hVX?-)l"(>iSr?J>.)Vmm 
mtLXPH 3 {*xy<>) ttiiiTBP 
V-7i-fr*X7 4 V) . pM^r-'-v^hM 
sfli:LTSiH 4 (^7>-) . DEZ (i^xf-^y 
9) Srffl^fc. 

[00353 gSt^tTtm-l^ltttJJ. B»fS<D!ftft-C^« 
LX^&zkfrtyV-vyyTcm (Zn, Si)C0fi£ii 
tc «t S ^Sffl^ #Fil04S^3!>«^ < . $ h \z . ^^f'f 
H^A.c7)iS;flit,J[psiJS^TV^^i:S:5il2L3t. SSt^L 
fc*W)firtt<i. laWlil^SmA, 6 0 
30 mVWilJStttS^KiS^T t 2 0 0 O^OUU: 

[00 363 <I^S6Wl3>ll6{illteW3<OI nGaA 



!(6) 000-286507 (P2 0 0 0-28JL8 



0£7r:L*:k<9T*J>&. MOCVDiiT'nlGa A sfi 
S601 (df^'JrffiS2X 10i«cm-3> ±CnSG' 
aAsA' 7 7rl602 ( 1. Ox 1 0 18 cm*. J?S 
500nm|^) , nlA 1 0 4 G a 0 6 AsT? 5»H 
«6 0 3 (*vVTmg.8x 10"cm-3, m% 1 0 0 

0 nm|S^) . nGaAsPM-f YM6 
04 (f»35nm) . 7>K-7M^#FJB6 0 5 
( I no, 18 Ga 0 . 8! As^i;H7nmi: I nGaAs 
PA'iJ7l2 0nmO2 jaSlTlltJfc ) , T>Y-7 I n 
GaAsP**M r-'B6 0 6 (JSA3 5 nm) . 7>K 
-/Al ( |.,Ga Il . 6 As^-tl607 (lf^8 n 
m) . plAl 0 , 4 Ga ( ,5As±gl?77Hi6O8 

(3-v'JTjgUgl x l 0»B C nr^ /g$3 00nmi5 
Jg) , I7fynb771609, plAl 1-4 Ga 
o. s As±3&2?7>y KJ16 1 0 (^t'JfiS^xl 
0 18 ct-3, ff£ 1 0 0 0 nmi&g) N plGaA s 3 
>?9Ym6l \ (4X 1 0 18 cm-3. J¥£ 5 0 0 nm 

[00 3 7] *<*>tt, pMGaAsriy?? bJI6 1 1 
kplAl,. 6 Ga t ,,As±S2?57KI6 1 05:2 

~3;um«o.x.h7-r -/^jpx-rs. 

'J -y^ffiSt/'ffllffitCS i 0 2 ffi|6 1 

* r- U V ^7 7 -f J: -?TU*y it±mw><r>x- S i o 
2 K612£rB£*U plGaAs3y^^M611 
£!Saj3-££. *-c7)gL ±ffiWi P mffi6 1 3. TBK 
{±n«®6 1 4£JE2jft&. ftg&HA<8 0 O^mtSrS 

mmzimmzzi-TJ (r=s%-9 5%) u 

[0038] *F«Jftt^Jtt4jafi*ft«, 
nlA 1 „. 4 G a 0 . 6 A s 7 7 y F« 5 0 3 iTCOMttcT 
7 5 0'C, fttf'f YM 5 0 4 , 5 0 6 £"i-tfMM^#F 
J15 0 5C0^MT6 8 0°C, 7*^ K-TcOX^.— ->J-Ji5 
07*^p^7/HJl508. 5 1 Ofc ny?? r-J!5 

1 3<0«isST6 5 0'Cfc U V/IIIJt{±. ft#>f K«5 
04. 5 0 6$r^tfS*^#Fa5 0 5^«JT'2 0 
0. ^-iti^h-Cl 2 0fcL7t„ «IKli7 6Torr 
•C1f07t. Clfl^co^mj. ni?7 7 K«503fcjt 
#-f r-'«5 04. 5 0 6S:-g-tfM* : P#FS5 0 5<0® 

*n*h.<o»s<o«k:*jit4«a«rfaBE. v/i 

p YfS 5 0 83 0 *>±<DJl-m. fflg 

itTindttiotW KJi5 0 6-'\.<7)Zni£tfc£ 

[0039] srs, umiwmt LTTM 

G ( hU-X-f-^y^A) , TMA ( r- iM-^UTrt'S 
-»*-M , TMIn ( M>^f-/M y^'^A) s V&JK 
ftfcLTAsHj (TtVisy) . PH 3 (*^.7^y) , 
nS, pS^K-^yr-EmtLTS i H 4 (v -? 



y) . DEZ (ylf/^V?) SrfflV>Jt. 
[0040] IS^L/i^^!»1SJiSffimSS3 0mA. 
8 0-C. 1 5 0mWOfIfflttl^^iJV^Ti>. 5000 

[0041] $ri>. JUBfMOfcWfcfcvvai, £ B B B jfcH 
K^TM0CVD&K,fc6t>O£fBfiL*:#. nm* 
-^-^JiJPfHtSPrt^tgSrM B E m*?M O M B E , G S 
MBE. ALE(atomic layer epitaxy iJl^pJlXfc:?^ 
— K VP E (vapor phaseepitaxy : ^8Xfc?^=Jfv' 

[0042] 

iz. Ymt. zn%Y-yvtzpm<7>7 7vYm 

[01 ] mmmico^m^-^m^commmmmTh 

[02 1 mmm 1 «^3wtcw-if*F ( a > t x^-y 
mnm^fexm? ( b ) i,zmfh-mm&m<r>Y-vv 

T^tm ( Z n ) il^<^-«S:^^-0T-J)S . 
[03 ] p 7 9 * H« t*Xf>f HSt^MT'tfO^f^ 'J 

E<D£Mt:S:*-r0T#>!.. 

[04] p^^ y H«i7)«-^-vUT>S!JS(ci>ttSryH 
-7X1— Vm^co^ma ( Z n ) c7)t£|jt7-o 77^^ 
X'foh. 

[05 ] HJ6CT2cO^^L— If^WfllJSKSHT'ft 

a. 

[06] ^0>l3cO^^«cU— r^-ofllJ&Brffl-eft 

[07 ] fe*(o^fo\s-?m*<r>mimmmx*hz>. 

1 nlGaAsM 

2 nIGaAsA' 7 7r! 

3 nlAI M Ga,, 5 AsT?77Kl 

4 7yH-7Al 0 . 3S Ga 0 , 6S AsMO'l 

5 TV K-7"A 1 G a A s Zfii^#F® 

6 r>-K-rAl 0 . 35 Ga 0 . 66 As3t^ KB 
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7 7>-K-7Al 0 . 6 Ga c . 5 As^-9-l 

8 plAI 0 . 6 Ga,. 5 As±ii;77HS 

10 pSAlo. 5 Gao. 5 As±®2^7yHS 

1 1 ng?GaAsJl 

12 niAl 0 . 7 Ga u Asfc![/n^i 

13 nIGaAsfiT l 7'a7^i 

14 pSGaAsa^^M 
14 P«® 

1 5 n1g$£ 

501 nMGaAsfi*g 

502 nlGaAsA 7 7r@ 

503 nIIn 0 . 5 (Al u Ga 0 . 3 ) 0 . 8 PT;77 
FJf 

504 ryh'-TI n 0 . 5 (Al 0 . 5 Ga 0 . 5 ) 0 . 5 P3t 
#4 FJ1 

50 5 7yH-7InAIGaP?iifftFI 

506 T>-b'-7-I n 0 . 5 (A l 0 . 5 Ga 0 . 6 ) 0 . 5 P7t 
*K FE 

507 ryH-7In 0 . 5 (Al,, 7 Ga 0 , 3 ) 0 , 5 PX 
+>-/! 

508 plln 0 . 6 (Al 0 . 7 Ga 0 . 3 )o. 6 PlI17 
5 -y F/l 

509 X-yf-VrT'XF-yT/l 

510 Pllnj.s (Al 0 . 7 Ga,. 3 ) 0 . 6 P±f2^ 
7 y F« 

511 pIGaAsf 

512 nS/GaAs«gS:7*C?-y?Jg 

[03] 




10" 10" 10'" 10" 



513 plGaAs3^?M 

5 14 pIS 

5 15 n©E 

60 1 nlGaAsiS 

602 nIGaAs;<77rI 

603 nlAl 0 .»Ga 0 , 6 AsT^77h'l 

604 T/'H-rinGaAsPM'fKl 

6 0 5 ry Y-7w&=mwm 

606 TyK-rinGaAsPM'f HI 

607 T^F-TA IjjGa^eAsX^-tl 

608 plAl 0 . 4 Ga 0 , 6 AsJJSl?77Kl 
60 9 X-yf^h77a 

610 plAl 0 ,,Ga 5 . 6 Asl$2?77Ki 

611 p!GaAsay??M 

612 SiOjJK 
6 13 pWM 

6 14 nflSi 
70 1 nlSt 

702 SiH-7nIA 7 7ri 

70 3 SiK-7nI?7»/K« 

7 0 4 TV Y-T%ii'4 FJI 

7 0 5 T y F -rfi^F #FvStt « 

7 0 6 TV v-rytrt4 F« 

70 7 Z n H-7pl?7 7 FJ1 

70 8 ZnK-7pI^t77f 

709 SiK-7nI7Q7?l 

710 ZnK-7 P l3y^;M 
7 1 1 SSESSl*J?>3fc#*J 

[04] 
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[07] 




mm*m JHF ff— F?-A(##) 5F073 AA13 M45 M52 M53 AA74 

jmm±m^wmmm.mm2z&z2& >- aa83 baoi baos caos cao7 

^-Ttfci^ttl*) CA17 CB02 CB07 DA05 EA24 



